I n infancy, bronchiolitis is the most common acute infection of the lower respiratory tract, characterized by rhinorrhea, cough, wheezing, respiratory distress, and hypoxemia, 1, 2 and is most often caused by the respiratory syncytial virus (RSV). Hospital admissions for bronchiolitis have almost doubled over the past 10 to 15 years in both Canada and the United States. 3, 4 In the United States, annual hospital costs for RSVassociated bronchiolitis were estimated at $365 million to $691 million in 1998. 5 The current treatment of bronchiolitis is controversial. Bronchodilators and corticosteroids are widely used but not routinely recommended. 6 A meta-analysis of the treatment effects of nebulized selective beta-agonists 7 failed to show any consistent benefits, whereas a meta-analysis of the treatment effects of nebulized epinephrine suggested a decrease in clinical symptoms as compared with either placebo or albuterol. 8 In one small, randomized, controlled trial, treatment with dexamethasone led to a 40% relative reduction in admission rates as compared with placebo. 9 However, a large, recently published study of dexamethasone failed to show any difference in hospital-admission rates or respiratory clinical scores as compared with placebo. 10 The current study was undertaken in response to the continued controversy concerning the use of nebulized epinephrine and systemic corticosteroids in the treatment of bronchiolitis in infants and in recognition of the substantial burden that the care of infants with this disease adds to the health care system. We conducted a randomized, double-blind, placebo-controlled, clinical trial with a factorial design at multiple sites to determine whether treatment with nebulized epinephrine, a short course of oral dexamethasone, or both resulted in a clinically important decrease in hospital admissions among infants with bronchiolitis who were seen in the emergency department.
me thods

Patients
Patients were recruited during the bronchiolitis season (December through April) at eight Canadian pediatric emergency departments from 2004 through 2007. All hospitals are members of the research group Pediatric Emergency Research Canada (PERC). Written informed consent was obtained from the parents or guardians of all infants included in the study, and the study was approved by the ethics committee at each site and by Health Canada. The study protocol and manuscript were written by the investigators; data were collected by research nurses and analyzed by PERC statisticians. The granting agencies covered all costs, including the cost of medications, required no confidentiality agreements, and played no role in study design, data analysis, or manuscript preparation.
Infants 6 weeks to 12 months of age with bronchiolitis who were seen at participating emergency departments were eligible for the study if they had a score of 4 to 15 on the respiratory distress assessment index (RDAI). 11 The RDAI, which has good interobserver reliability, rates wheezing and respiratory distress on a scale from 0 to 17, with higher scores indicating more severe illness; a score below 4 indicates very mild illness, and a score above 15 very severe illness. Bronchiolitis was defined as the first episode of wheezing associated with signs of an upper respiratory tract infection during the peak RSV season. We excluded infants who received bronchodilator treatment in the emergency department before being assessed by a research nurse, infants who had received oral or inhaled corticosteroids during the preceding 2 weeks, infants with a previous episode of wheezing or a diagnosis of asthma, previous bronchodilator use, any chronic cardiopulmonary disease, or immunodeficiency, and infants in severe distress (defined as a pulse rate >200 beats per minute, a respiratory rate >80 breaths per minute, or an RDAI score >15) or with profound lethargy, and infants who had been exposed to varicella within the preceding 3 weeks. Also excluded were infants born at less than 37 weeks of gestation who had a corrected age of less than 6 weeks at presentation. Finally, infants were excluded if there were insurmountable barriers to communication with the family (a language barrier or lack of a telephone on the part of the parent or guardian).
A research nurse was present in the emergency department up to 16 hours daily to recruit participants. Once a physician had confirmed the diagnosis and parental consent had been obtained, the nurse documented demographic information, obtained a medical history, and obtained a nasal pharyngeal aspirate for RSV testing. Any child with an oxygen saturation of less than 92% while breathing ambient air received supplemental oxy-gen, and any child with a fever (rectal temperature >38°C) received acetaminophen (15 mg per kilogram of body weight).
Intervention
Using a computer-generated randomization sequence, the research nurse assigned participants to one of four study treatments: nebulized epinephrine plus oral dexamethasone (group 1), nebulized epinephrine plus oral placebo (group 2), nebulized placebo plus oral dexamethasone (group 3), or nebulized placebo plus oral placebo (group 4). The two nebulized treatments, administered 30 minutes apart with the use of the 1730 Updraft II nebulizer (Hudson RCI) and an oxygen flow rate of 8 liters per minute, consisted of 3 ml of generic epinephrine in a 1:1000 solution or an equivalent volume of saline. [12] [13] [14] [15] [16] [17] The oral treatments, based on a study by Schuh et al., 9 consisted of 1.0 mg of dexamethasone per kilogram of body weight (maximum dose, 10 mg) or placebo given after the first nebulized treatment in the emergency department, followed by five once-daily doses of dexamethasone (0.6 mg per kilogram; maximum daily dose, 10 mg) or placebo. The dexamethasone suspension consisted of generic dexamethasone phosphate injection solution mixed with Ora-Plus and Ora-Sweet (Paddock Laboratories). The placebo consisted of Ora-Plus and Ora-Sweet. The research nurse administered all drugs in the emergency department and taught parents how to administer the oral drug at home. The treating physician in the emergency department was allowed to provide cointerventions after 90 minutes and independently determined whether to admit or discharge the infant.
Randomization
The computer-generated randomization sequence, stratified by center, used randomized permuted blocks of 8 and 12. Codes were secured at each center's pharmacy until enrollment and data entry were complete. In order to conceal the allocation sequence, the pharmacy at each site prepared the study drugs in sequentially numbered, visually identical packets. The active drugs and placebo were identical in appearance, volume, weight, odor, and taste. For the primary outcome -admission to a hospital up to 7 days after enrollment -data were available for 797 infants.
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Assessments
The research nurse recorded the patient's RDAI score, respiratory rate, heart rate, and oxygen saturation in ambient air at baseline, between the two nebulizations, and at 60, 90, 120, 180, and 240 minutes; rectal temperature at 120 and 240 minutes (or at discharge); blood pressure at 240 minutes or at discharge; and any side effects throughout the observation period in the emergency department. Using a standardized telephone follow-up procedure, 18 the research nurse obtained data regarding compliance with administration of study medication after discharge and health care visits, as well as details about the infant's feeding, sleep, breathing, and coughing. Follow-up by telephone was performed daily until day 7, then every 2 days until day 14, and then every 3 days until day 22. A review of the patient's hospital chart was completed 22 days after enrollment.
Outcome Measures
The primary outcome -hospital admission up to 7 days after enrollment, which occurred during the visit to the emergency department -was determined through telephone follow-up and confirmed by chart review, as were rates of admission at enrollment and by day 22. The secondary outcomes of change in heart and respiratory rate, RDAI score, and oxygen saturation from baseline to 30, 60, 120, and 240 minutes were determined by direct measurement by the research nurse. Secondary outcomes of length and severity of symptoms were determined by standardized telephone follow-up. Time to discharge, determined by chart review, was defined as the time between the triage time at the enrollment and the time of discharge from the last emergency department visit or from the last hospitalization for each patient within the next 7 days. Patient return to the health care provider for bronchiolitis symptoms within 22 days of enrollment was determined by telephone follow-up and confirmed by chart review.
Statistical Analysis
A sample size of 800 infants was chosen to provide 80% power (with a 5% type I error rate) to detect an absolute difference of 10 percentage points in admission rates resulting from administration of each drug and assumed no interaction between epinephrine and dexamethasone. Data analysis was performed with the use of Stata software, version 10.0. Two interim analyses were planned and conducted with the use of the Haybittle-Peto approach (with a stopping rule that specified a P value of less than 0.001) 19,20 ; both interim analyses had nonsignificant results. Subgroup analyses that were planned a priori included analyses according to the presence or absence of atopy, RSV status, and duration of illness at presentation. All analyses followed the intention-to-treat principle. 21 Admission and return visits due to symptoms of bronchiolitis were analyzed with the use of relative-risk regression for binary outcomes. Our analysis plan, as specified by our protocol and based on published recommendations regarding analysis of data in studies with factorial designs, 22 was to first conduct a factorial analysis incorporating terms for epinephrine, dexamethasone, and study center, then examine associated interactions, and finally, if evidence of interaction was found, analyze and present our results as separate comparisons of each of the three treatment groups with the placebo group. Evidence of a clinically significant interaction between epinephrine and dexamethasone was found. To accommodate the uncertainty arising from this unanticipated interaction, we provide both unadjusted results and results adjusted for multiple comparisons with the use of the approach described by Westfall 23 and as implemented by Hothorn et al. 24 Time to discharge was analyzed with the use of a Cox proportional-hazards model. To allow for intervals between follow-up telephone calls and censoring before the end of the study, time to symptom relief was analyzed by means of para- * The Respiratory Distress Assessment Index (RDAI) rates wheezing and respiratory distress on a scale from 0 to 17, with higher scores indicating more severe illness; a score below 4 indicates very mild illness, and a score above 15 very severe illness. RSV denotes respiratory syncytial virus. † A personal history of atopy was defined as a history of eczema or allergies. ‡ A family history of atopy was defined as allergies, asthma, or eczema in a parent or any sibling. § Prematurity was defined as birth at less than 37 weeks of gestation. ¶ Clinically significant illness was defined as any illness requiring surgery, hospital admission, or ongoing medical care. ‖ Fourteen of the infants who were previously intubated were premature.
The 2084 metric survival models with Weibull distributions assumed. We analyzed clinical characteristics (e.g., RDAI score) with the use of linear mixed-effects regression, incorporating baseline values. Assumptions such as proportional hazards and normality were examined graphically.
R esult s
Recruitment and Baseline Characteristics
A total of 3556 infants were screened for eligibility, 1715 met the criteria for enrollment, and 800 were enrolled (Fig. 1) . Of the 1841 ineligible infants, 867 (47.1%) had a previous episode of wheezing or diagnosis of asthma, 90 (4.9%) had an RDAI score above 15, and 343 (18.6%) had an RDAI score below 4. (For more details on patient exclusion, see the Supplementary Appendix, available with the full text of this article at NEJM. org.) A total of 200 patients were randomly assigned to the epinephrine-dexamethasone group, 199 to the epinephrine group, 200 to the dexamethasone group, and 201 to the placebo group. No data were available on the primary outcome for three patients (one each in the first three groups); these patients were not included in the intention-to-treat analysis. Because of a pharmacy error, a total of 23 patients in group 1 and 23 patients in group 3 received dexamethasone at 80% of the planned dose (0.8 mg per kilogram of body weight in the emergency department and 0.48 mg per kilogram of body weight at home); these patients were included in the analysis. Other deviations from the protocol were minor and equally distributed among the groups. Baseline clinical and demographic characteristics were similar among the groups ( Table 1 ). The additional use of bronchodilators 90 minutes after enrollment was similar across groups, with 18.4% of patients receiving albuterol and 20.6% receiving epinephrine (median number of treatments, 1). At followup, the parents or guardians of 19 infants in the epinephrine-dexamethasone group, 13 in the epinephrine group, 20 in the dexamethasone group, and 12 in the placebo group reported that they had stopped administering the study syrup; for all 19 children in the epinephrine-dexamethasone group, all 20 in the dexamethasone group, and 3 of the 12 in the placebo group, the study syrup was withdrawn so that a physician could prescribe oral corticosteroids. The study groups did not differ significantly with respect to use of nonstudy medications at discharge from the initial emergency department visit through day 7.
Hospital Admissions
By the seventh day of the 201 infants in group 4 (26.4%). The relative risk of admission, unadjusted and adjusted for multiple comparisons, is shown in Figure 2 . The relative risk of admission by day 7 in group 1 as compared with group 4 was 0.65 (95% confidence interval, 0.45 to 0.95; P = 0.02 and P = 0.07 for the unadjusted and adjusted analyses, respectively); 11 infants would need to be treated to prevent one hospital admission. In contrast, in both unadjusted and adjusted analyses, neither treatment with dexamethasone alone nor treatment with epinephrine alone reduced the rate of admission, as compared with placebo (P = 0.87 and P = 0.52, respectively, for the unadjusted analysis). Positive RSV status, personal or family history of atopy, presentation early in the course of illness (≤2 days after the onset of symptoms), severe illness (defined as an RDAI score ≥6), and the pharmacy error (lower dexamethasone dose) did not affect the primary results. The effects of combining epinephrine and dexamethasone were most apparent in the first 3 days after study enrollment (Fig. 3) .
Clinical Measures
The RDAI score and the respiratory rate improved in all groups during the initial emergency department visit. Infants in the epinephrine group and those in the epinephrine-dexamethasone group had significantly lower RDAI scores during the first hour of the study than did infants in the placebo group; the RDAI scores for infants in the dexamethasone group did not show significant improvement as compared with the change in the scores for infants in the placebo group (Table 2) . Infants in the epinephrine-dexamethasone group also had lower respiratory rates during the first hour than did those in the placebo group. As compared with infants in the placebo group, those in the epinephrine group and the epinephrine-dexamethasone group had elevated heart rates during the first hour, whereas infants in the dexamethasone group did not.
Other Outcomes
The median time until discharge from the emergency department or hospital for group 1 was slightly shorter than that for group 4 (4.6 and 5.3 hours, respectively; unadjusted P = 0.02), whereas neither group 3 (5.1 hours) nor group 2 (4.9 hours) differed from group 4 on this measure. In group 1, 95 patients (47.7%) returned to a health care provider for bronchiolitis-related symptoms, as did 93 in group 2 (47.0%), 106 in group 3 (53.3%), and 86 in group 4 (42.8%); only the difference between group 3 and group 4 was significant, and only in the unadjusted analysis (P = 0.04). Infants in group 1 appeared to return to quiet breathing and normal or almost normal feeding more quickly than those in group 4 (Fig. 4) .
Adverse Events
Adverse events were uncommon (see the Supplementary Appendix). Pallor was reported in 76 infants (9.5%), tremor in 15 (1.9%), and vomiting in 14 (1.8%), with no significant differences among the groups. One hospitalized infant in group 2 and one in group 3 had mild, transient hypertension, which resolved rapidly.
Discussion
In this randomized, controlled trial of the treatment of acute bronchiolitis in infants, we found an unexpected synergism between epinephrine and dexamethasone. Combined therapy with epinephrine and dexamethasone, as compared with placebo, appeared to reduce the rate of hospital admission in the 7 days after study enrollment by 9 percentage points, with a relative risk reduction of 35%. These results were not modified by RSV status, presence or absence of a history of atopy, (583) or the severity or the duration of illness. The effects of combining epinephrine and dexamethasone were most apparent in the first 3 days after study enrollment. We also found an apparent benefit from combined therapy on our secondary outcomes: infants in this group were discharged earlier from medical care and resumed quiet breathing and normal feeding sooner than did those in the placebo group. In contrast, neither dexamethasone alone nor epinephrine alone had any effect on these outcomes. Three small studies -two published since our trial began -have also reported a benefit from combining epinephrine and dexamethasone 25, 26 or albuterol and dexamethasone 25, 27 in similar populations and have reported no benefit from the administration of epinephrine or albuterol alone. Furthermore, although the mechanism of action is not known, synergism between corticosteroids and beta-agonists in the treatment of chronic asthma is well documented. [28] [29] [30] Dexamethasone has been studied in a similar population, with conflicting results. 9,10 Schuh et al. 9 reported a 40% reduction in admissions in a small, single-site study, whereas Corneli et al. 10 reported no effect in a large, multisite study. The patients in the study by Schuh et al. were consistently treated with bronchodilators, whereas the patients in the study by Corneli et al. were not.
A meta-analysis has suggested that when epinephrine is used in outpatients with a diagnosis of bronchiolitis, as compared with either placebo or salbutamol, there is short-term improvement in clinical measures. 8 Our study showed an improvement in the clinical score in the first hour after treatment with epinephrine, as compared with placebo, but with no significant difference in admission rates.
Although there were no serious short-term adverse events among the infants enrolled in our study, we do not have findings from long-term follow-up to establish whether our study treatments caused adrenal suppression, arrest of somatic growth, or neurodevelopmental delay. Adrenal suppression from exogenous corticosteroid use remains a risk; however, with short courses of corticosteroids, any suppression is likely to be transient. [31] [32] [33] Concern has been expressed about possible developmental delay after treatment with corticosteroids. 34 To date, this concern has been limited to preterm infants with very low birth weight (<1501 g) who are given corticosteroids in the first few days of life. [35] [36] [37] The effect of a short course of corticosteroids on otherwise healthy infants is unknown. Our study has several limitations. First, in order to exclude children with early asthma, we restricted enrollment to infants who had wheezing for the first time. Our results are thus not generalizable to older children or to those with recurrent wheezing, but they are directly pertinent to infants with typical viral bronchiolitis. Second, we enrolled infants at academic centers. Nonetheless, the eligibility criteria were chosen with the intention of enrolling otherwise healthy infants with a wide range in severity of symptoms who did not have complex coexisting conditions, so that our results could be broadly generalized. Third, we did not anticipate the synergism between epinephrine and dexamethasone in our study design, and fourth, our factorial study design raises the issue of multiple comparisons. To address these limitations, we present the results of both unadjusted analyses and analyses adjusted for multiple comparisons. The results of the unadjusted analyses show that combined treatment with epinephrine and dexamethasone led to a significant reduction in hospital admissions, but the results of the adjusted analyses are above the threshold for statistical significance.
In summary, our multicenter study of 800 infants with bronchiolitis suggests that combined treatment with epinephrine and dexamethasone reduces hospital admissions as well as shortening both the time to discharge and the duration of some symptoms. Given the unexpected synergy we found between epinephrine and dexamethasone and the lack of any apparent benefit when either drug is used alone, our results should be considered exploratory. Although some clinicians consider a trial of a bronchodilator to be standard therapy, 6 published data show, at most, mild transient clinical benefits and no effect on the admission rate. Therefore, confirmation of our findings by a study powered specifically to compare combined epinephrine and dexamethasone therapy with placebo is needed. 
